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COST STUDY ON UN0ERGnOUND lIt!INIIlG OF OIL SHALE BY THE ROOM AND PILLAR 
METHOD BASED UPON RESEARCH CARRIED OUT DURING STAGE II 
I. INTRODUCTION 
A preliminary mining cost study was made in 1964, the bases for 
which were published in the r10nthly Progress i'temorandum of July­
August 1964. In August of the same year mining costs were worked 
up using these bases with some rough figures supplied by H.obil 
Oil Corporation. At The Technical Advisory Committee meeting in 
September 1964 it was decided that, rather than depend on vague
figures, "the bases and sources of information used to establish 
mining and shale preparation costs be obtained from published 
information or developed from the Program and be well documented 
for use by the Participating Parties in any subsequent studies 
that they may conduct". 
A preliminary cost study \-las developed in Septenber, 1966 by 
Dr. J. B. Sellers and published in the form of Technical Memoran­
dum No. 66-5. The preliminary study was prepared in the light 
of present day mining technology, without confirmation of its 
practical application in mining oil shale. 
Since Technical ~;iemorandum :·Jo. 66-5 was published, the Stage II 
mining research program has been underway. The following cost 
study is based upon data developed at Anvil Points, and a greater 
degree of confidence can be placed on the accuracy of the cost 
elements presented. 
A variety of schemes can be envisaged for mining oil shale, but 
it would require an inordinate length of time to consider all 
the various permutations and combinations of mining systems. 
Therefore the present study is confined to one set of conditions 
using only one set of mining procedures. 
The mine layout and development costs are based upon a hypotheti­
cal ore body, 76 feet thick averaging 30 gallons oil per ton of 
shale. A bed thickness of 76 feet has been selected to conform 
with the 76 feet room height mined at Anvil Points during 
Stage II. It is also assumed that access to the mine can be 
gained through an adit in a cliff face typical of the Anvil Points 
terrain. In any subsequent studies carried out by individual 
companies, a considerable degree of adjustment will have to be 
made to orient the study toward specific ore bodies in specific
locations. 
It is assumed that the actual mining will be carried. out in two 
steps. The first one is to mine out the upper 41 feet of the 
mahogany ledge using a heading operation. The second step is to 
mine out the lower level, 35 feet thick, by means of a benching 
operation. Unfortunately, due to rib spalling problems encoun­
tered during the benching operation at Anvil Points, it was not 
• 
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possible to complete the entire m1n1ng research program originally 
laid out for Stage II. As a result there are two major unknowns 
in this study. 
1. Insufficient data was obtained for reliable design of shale 
pillars. For the purpose of this study it is assumed that 40 
feet thick rib pillars between 60 feet wide rooms are adequate. 
However even this has not been demonstrated conclusively. The 
extent of the spalling problems on pillar corners at Anvil Points 
indicates that pillars should be rib rather than square, keeping 
the number of corners to a ninimum. The restriction to 40 feet 
wide rib pillars reduces the overall extraction ratio to 51%. 
Further pillar research and blasting research would be necessary 
before this extraction ratio could be improved upon. 
2. The second unknown is the amount of rib scaling which is 
required during benching operations. The equipment and manpower 
assumed to be necessary for scaling, in this study, is an abso­
lute minimum. It may well be that, in a full scale operating 
mine, the scaling becomes an unmanageable problem. 
For comparison purposes, this cost study is presented in the same 
format as used in the preliminary study in Technical I1emorandum 
No. 66-5. 
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II. SUMfJlARY AND CONCLUSIONS 
A. Cost of Mining 
The cost of mining which will provide a 10% return on all 
investment money is $0.517 per ton of shale mined, or 
$0.724 per barrel of oil produced. The mining costs are 
summarized on Table 1. It should be noted that there are 
no "Offsite" investments or 1'Plant Overhead'! charges included 
in the $0.517 per ton figure. These two items have been 
covered in Technical Memorandum No. 67-28. 
Cost breakdowns are shown in greater detail in Sections VII 
through X. Section XI gives the cost allocated to each 
individual mining operation. 
It is highly probable that if the mining research program 
had been fully completed, the mining costs would be lower 
than the $0.517 figure. If the recovery factor could be 
increased back up to 70-80%, haulage and ventilation costs 
would be reduced by approximately 4 cents per ton. Improved 
benching techniques could reduce scaling costs by as much 
as 4 cents per ton. These reductions would bring the total 
cost down into the $0.43-$0.44/ton range. 
B. Bases Used in Cost Study 
The bases used in the present cost study are summarized in 
Table 2. 
C. Comparison of Present Study t-!ith Preliminary Study 
The mining cost developed in the preliminary study totaled 
$0.476 per ton. However this figure included $1.9 million 
of offsites which are now excluded. It also included $0.019 
per ton for plant overhead, which is excluded from the pre­
sent study. If the preliminary cost figure is put on a 
comparative basis it would be approximately $0.44 per ton. 
Therefore the net increase is approximately 7 1/2 cents per 
ton. 
The total amount of the onsite investment has increased by 
80%, from $6.8 million to $12.2 million. The increase is 
due principally to three factors. Firstly, a greater 
number of mechanical scalers and aerial platforms are nec­
essary to take care of the rib spalling condition experi­
enced during benching operations. Secondly, the fleet of 
trucks had to be increased to haul shale longer distances 
between working areas and the crusher plant. The longer 
haulage distances are incurred because of larger pillars 
and a lower extraction ratio. The third factor affecting 
the total investment is the substantial increase in standby 
TABLE 1 

SUl'1.I'1ARY OF MINING COSTS 
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(l)Includes 10% DCF return on investment in the unit cost. 
(2)Development 	expenses are distributed uniforrnely over 4 
































Previously these were included in the mining cost. 

In this memo they are excluded and have been estimated 

separately in Technical Memorandum No. 67-28. 

All on-sites are listed in Section VIII of this 
memorandum. All costs include 3% Sales Tax and 3% 
for freight charges. Mobile equipment costs include 
l~ for erection and the main ventilation fan cost 
includes 25% for engineering and construction and 
7% for the contractor's 
15% has been added on to the total equipment invest­
ment cost for contingencies. 
It has been estimated that $1,500,000 of on-site 
equipment will be required 4 years before production 
starts for development mining. The cost of develop­
ment mining is estimated at $847,000 per year for 
each year prior to the start of production. The 
development charges have been deducted from expenses 
in the last full year of production because there 
will be a reduced amount of haulageway development 
to be done in that year. 
Is ~ss~~ed to be 15 operating years with a 4 year 
pre-production development period. 
Is estimated to be 5 years (see Section VIII) . 
7% on 33 1/3% of investment with s-year life. 
Sum of Year's Digits. 
Operating Extimates 
$3.30 per hour including $0.05 per hour underground 
differential. 
Salary of $9,000 per year. 
30% direct labor base plus supervisory salaries. 
45% daily investment cost calculated in Section VIII. 
This gives a higher cost than th2~,~d in the plant 
and overhead cost memorandums CC,.:.. ~;:..l ~lemorandum 
No. 67-28) because mobile mine equip~ent is subjected 
to more severe operating conditions. An additional 
$400.00 per day has been added into the drill main­
tenance cost which experience has shown to be con­
siderably higher than- 45% daily investment cost. 
(continued on next 
"-.- ." ~ .. ...;.... .,.~-..;;. 
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equipment. After our experiences at Anvil Points, it is 
felt that better provision must be made for sufficient 
standby equipment in order to put maintenance on a scheduled 
basis and keep repair costs to a minimum. 
1. Scaling 
Scaling costs have been increased from l.l¢ per ton up 
to 6.l¢ per ton. It is estimated that this scaling 
cost is an absolute ~inimum. It is probable that 
further research to determine the relationship between 
bench mining practices and the degree of rib spallation 
could lead to a reduction in the amount of scaling 
required. 
2. Jrilling 
The drilling costs are lower than originally estimated, 
they have been reduced from 5.l¢ per ton down to 3.7¢ 
per ton. The revised costs are a result of the improve­
ments made in drilling techniques at Anvil Points. 
They are reflected in lower bit costs, 10\'1er steel 
costs and reduced manpower requirements. 
3. Powdering and Blasting 
The powdering anc blasting cost has dropped by 0.6 cent. 
This is ~ainly due to the improvements made in powder­
ing time and the resulting cut in manpower requirements. 
Although the powder factor required is lower than 
originally estimated, the savings in supply cost are 
offset by the cost of the larger primers needed in wet 
blast holes. Therefore the blasting supply cost 
element has remained substantially the same. 
4. Rockbolting 
Rockbol ting costs have tripled from 1.0¢ per ton up to 
3.4¢ per ton. At Anvil Points it was found necessary 
to install bolts in the roof at 6-foot centers in order 
to sup~ort a 2-foot thick weak zone. The preliminary 
study assumed 7-foot spacing would be adequate. The 
present study assumes that 5-foot spacing would be 
required, and therefore the number of bolts installed 
per ton of shale removed has coubled. In addition, 
the performance of the roofbolter was not as good as 
had been predicted. The bl0 changes meant that all 
cost elements had to be increased quite considerably. 
5. Truck Loading 
The overall loading cost has increased from 3.4¢ per 
ton to 4.3¢ per ton. The supplies cost has been 
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increased and the power cost eliminated. These 
changes are due to a switch from the use of Skooper 
track-type loaders to rubber-tired front-end loaders. 
The change in thinking follows our experience at 
Anvil Points with both types of equipment. The fre­
quency of cut tires on the rubber-tired loader, which 
had been very high during Stage I, dropped off quite 
drastically when a change was made to shredded wire 
tires. Also, the level floor of the bench contributed 
towards improved tire life in the latter months of 
Stage II. These improvements eliminated the one major 
problem with this type of loader. The advantages of 
the rubber-tired unit, as opposed to the Skooper, were 
its versatility, high traveling speed and lower main­
tenance costs. 
The tire cost, included in the supplies cost, is pro­
bably on the high side. Tire costs have been projected 
from Anvil Points tire costs, which were incurred 
throughout the operating period when we were using
regular rock tires and when the floor was rough. 
6. Haulin2 
The estimated cost of hauling has been increased from 
8.7¢ per ton in the preliminary study to 11.7¢ per ton. 
This increase is almost entirely accounted for by the 
increased haulage distances. The necessity to leave 
larger pillars, thereby cutting down the extraction 
ratio, increases the size of property which will yield
15 years production. Therefore haulage distances from 
the working areas to the crusher plant are increased. 
7. Ventilation 
Ventilation costs have increased by O.9¢ per ton 
because of the greater number of diesel powered units 
in the mine. The major areas of change are in the use 
of diesel instead of electrically por'lered loaders and, 
the increased number of trucks to cover the longer
haulage distances. 
8. Other Items 
The cost of supplies handling, road maintenance, trans­
portation, services and miscellaneous supplies has not 
changed as a total, although there has been some re­
grouping. Surface facilities, administration, plant 
overhead and off-site costs, all included in the pre­
liminary study are now excluded from this report. As 
previously mentioned, they are covered in Technical 
Memorandum No. 67-28. The cost of direct supervision, 





The estimated cost of m1n1ng is approximately 7 1/2 cents 
per ton higher than in the preliminary study. The major 
contributing factors to the change are? 
1. The increase in 	scaling costs 
2. The increase in 	rockbolting costs 
3. The increase in 	truck loading costs 
4. The increase in 	hauling costs 
5. 	 The increase in ventilation costs 
Total increase 
6. The decrease in 	drilling costs 









8. Reduction 	due to expensing of development cost 0.7 
9. Difference in method of estimating equipment 
ownership 	cost 3.1 
Total Decrease 5.8¢/ton 
Net Increase 	 7.5¢/ton 
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III. DISCUSSION 
A. Derivation of Property and Mining Room Dimensions 
1. Size of Operation 	 50,000 barrels per day 
Assume (1) 	 30 gallons per ton grade oil shale 
(specific gravity 14.6 cubic feet per
ton). 
Assume (2) 	 Yield from retort - 88% 
Assume (3) 	 5% loss of fines 
Therefore total tons mined per day = 




factor = 84,000 
tons per day = 30,660,000 tons per year 
2. Dimensions and Yield of Orebody 
Assume (4) 	 Thickness of oil shale strata to be 
mined = 76 feet. 
Assume (5) 	 51% overall extraction ratio and a 15 
year life. . 
The area requ1red = 
84000 tpd X.365 days/~r X 15 yrs X 14.6 cu ft/ton 
52802 sq ft/sq mile X 76 ft thick 
X ~~o extraction ratio = 6.21 square miles or a 
property 2.5 miles square 
Assume (6) 	 A two level mining operation in one mine 
with the top headings 41 feet high and 
the bench 35 feet high. 
Note that this arrangement is assumed to 
be necessary in order to ensure a con­
stant grade of oil shale to the retorts. 
Assume (7) 	 25 feet advance per round in the top 
headings. 
B. Mining Layout (See attached plan) 
Assume (8) 	 A room and pillar system with rooms 60 
feet wide and 40 feet wide rib pillars 
with 40 feet wide crosscuts through the 
pillars for access and ventilation pur­
poses. Rib pillars 80 feet wide are 
• 
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left between the mining blocks and the 
panel haulageways. Rib pillars 40 feet 
wide are left between adjacent mining 
blocks. This gives an extraction ratio 
of 52% within the panels. 
From a heading blast in the mining 
blocks: 
tons per blast = 60 feet wide X 41 feet high 
X 25 feet advance + 14.6 cubic ft/ton = 
4200 tons. 
And from a corresponding bench blast! 
tons per blast = 55 feet wide X 35 feet high X 
25 feet advance ~ 14.6 cubic ft/ton = 3300 
tons 
Note: The pillars tend to widen at 
their base thereby reducing the room 
width to 55 feet in the bench. In 
addition to the production from the 
mining rooms, some of the daily tonnage 
will be obtained from development work. 
The benching proceeds as a separate 
operation in a separate block. (See 
attached mine layout.) Benching opera­
tions do not start in any of the rooms 
until the headings have been completely 
worked out. The advance of the heading 
rooms is planned so that each working 
face can be provided with good ventila­
tion. It is also arranged such that the 
length and number of portable ventilation 
fan-ducting units are kept to a minimum. 
The benching operations would be se­
quenced in such a manner as to keep 
scaling in adjacent rooms within reason­
able bounds. Further research is nec­
essary to determine the effect of 
benching sequence and blasting practices 
on rib spalling. Unless this research 
is done, scaling could become a horren­
dous problem throughout the mine. 
It has been assumed in this study, that 
the pillars are left as rib pillars, 
with crosscut breakthroughs every 300 
feet for access and ventilation. Here 






out it is not possible to assume a 
higher recovery than 62% within each 
mining block. 
Mining panels measure 1800 feet wide by 
7000 feet long. Tons per mining panel = 
1800 feet wide X 7000 feet long X 76 
feet thick ~ 14.6 cubic ft/ton = 
65,000,000 tons. Tons recoverable per 
mining panel = 65,000,000 tons X 0.52 
recovery factor = 33,800,000 tons. 
Mining blocks measure 1000 feet by 1500 
feet with 300 feet additional room for 
panel haulageways. 
Note square blocks require the least 
development to open up a given area and 
the larger the blocks, the less the 
development required. The size is 
limited by the desirability of working 
a mining block quickly and then abandon­
ing it. In th1s way areas are abandoned 
before they become unsafe, and ventila­
tion is simplified. Tons per mining 
block = 1500 feet wide X 1000 feet long 
X 76 feet thick ~ 14.6 cubic ft/ton = 
14,000,000 tons. Tons recoverable per 
mining block = 14,000,000 tons X 0.62 
recovery factor = 8 r 700,000 tons. 
Mining is concentrated in two mining 
blocks plus the development area. The 
two mining blocks are assumed to be 
adjacent. It should be noted here that 
the mining plan is extremely simple, 
and it would be quite feasible to mine 
two adjacent blocks in another area to 
double the tonnage and achieve further 
economy. 
The main haulageways run down the 
center of the property. ~ach haulageway 
measures 40 feet wide by 30 feet high. 
Double intake haulage"1ays are separated
by 60-foot pillars with interconnections 
40 feet wide, at 300 foot centers. The 
return haulageways also have two drifts 
with interconnections. The return 
haulageways are separated from the in­
take haulageways by a 100 foot pillar, 
with connections between intake and 
return every 1800 feet. Intake haulage­
ways are driven at a 43-foot higher 
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elevation than 	the return haulageways. 
At crossovers the intervening band of 
strata is 20 feet thick and the roadway 
below is narrowed to 30 feet. 
Assume (13) 	 Panel haulageways branch out from main 
haulageways at 90~ in pairs. Intake 
haulageways measure 41 feet high by 40 
feet wide separated by a 60-foot rib 
pillar with connections, at 300 foot 
centers, measuring 40 feet wide. Return 
haulage\<rays measure 30 feet high by 40 
feet wideo Crossovers are arranged so 
that 20 feet minimum separates'upper 
and lower roadways. The width will be 
restricted in the mining block entries, 
and the height will be restricted at 
crossovers in the lower return roadway. 
Panel haulageways branch from the main 
haulageways at 	1900 feet centers being 
alternately intake and return airways.
Note that all mine development utilizes 
double haulageways, the advantages of 
which are: (1) they provide an easy 
means of providing good ventilation dur­
ing the development work, (2) they pro­
vide twice the 	cross sectional area of 
airway of a single drift, and a quarter
the resistance 	to airflow of a single 
drift, substantially reducing the ven­
tilation costs, (3) they provide alterna­
tive accessways should one drift become 
blocked for any reason, and (4) they 
provide more than one face during devel­
opment, permitting a fuller use of the 
equipment used 	for driving the headings. 
Dlock entries are driven at requisite
intervals along the panel haulageways. 
C. Mining Production 
1. From X·lain 	 Haulageway Development 
For an advance 	of one mining panel, i.e. 1900 feet, 
the total tonnage mineable = 2 panels X 33,900,000 tons 
per panel, thus the time required for the haulageway 
to advance 1800 feet = 2 panels X 33,900,000 tons ~ 
94,000 tpd = 805 days. 
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Total tonnage per panel advance in the 	main haulageways = 
1800 ft long X 4 headings X 40 ft wide 	X 30 ft high 
14.6 cu ft/ton 	 + 
6 crosscuts X 60 ft long X 40 ft wide X 30 ft high X 2 sections 
+14.6 cu ft/ton 
500 ft IonS{ X 40 ft wide X 30 ft hiS{h 
+14.6 cu ft/ton 
1100 	ft long X 40 ft wide X 30 ft hi9h 
= 592,000 tons +
14.6 cu ft/ton 
59,200 	tons + 41,200 tons + 90,500 tons = 782,900 tons. 
Therefore the tons per day from main haulageway development = 
782,900 tons ~ • 805 days ~1000 tons per day. 
2. From Panel Haulageway Development 
For an advance of intake and return haulageways a dis­
tance of one mining block, i.e. 1800 feet, the total 
tonnage mineable = 2 blocks X 8,700,000 tons per block. 
Thus the time required for the haulageways to advance 
1800 feet = 2 blocks X 8,700,000 tons T 84,000 tpd = 
207 days. Total development tonnage mined from both 
the intake and the return haulageways per block 
advance = 
1800 ft long X 2 headinss X 41 ft hig:h 	X 40 ft wide + 
14.6 cu ft/ton 
1800 ft long: X 2 headin5I,s X 30 ft high X 40 ft wide + 
14.6 cu ft/ton 
6 crosscuts X 60 ft long: X 41 ft high X 40 ft wide + 
14.6 cu ft/ton 
6 crosscuts X 60 ft long X 30 ft high X 40 ft wide 
= 
14.6 cu ft/ton 
404,400 tons + 295,900 tons + 40,400 tons + 29,600 tons = 
770,300 tons. Therefore the tons per day from panel haulageway = 
770,300 tons .; 207 days ",3700 tons per~. 
Note: 	 Unlike the preliminary study there is no development 




3. From J:l1ining Blocks 
Tons per day from both m1n1ng blocks = (84,000 tons ­
1000 tons - 3700 tons) = 79,300 tons per dal. 
D. Mining Sequence 
The mining sequence is: (1) scaling, (2) cleanup, (3) drill­
ing, (4) powdering, (5) blasting, (6) loading, and (7) rock­
bolting. Operations will be conducted for three shifts per 
day, seven days per week. The number of faces to be blasted 
per day from both the heading and the benching operation = 
79,300 tons t 7500 ton = 10.6 rounds per day from each 
operation. 
E. Eguipment Requirements 
1. Scaling: 
Scaling will be performed by a Gradall type mechanical 
scaler followed up by hand scaling from an aerial 
platform. At Anvil Points all scaling was done by
hand from an aerial platform. After each heading 
blast, it took 8 to 12 hours to scale down the working 
face and adjacent ribs. After the face had advanced 
away from any specific area, that area would require
re-scaling 3 or 4 times if it had to be used for 
access. 
The amount of scaling necessary during benching opera­
tions is indeterminate without fUrther experimental 
work. Operations in the Anvil Points l\1ine indicate 
that 16 to 24 hours of hand scaling are required on 
the high ribs behind the benching face following each 
blast. In addition, almost continuous scaling is 
necessary in the rooms ahead of the bench, and in 
adjacent rooms if safe access is required. 




Work Site Eguipment shift 
Mining block heading 1 - 40 ft i4echanical Scaler 1 Operator 
operation 
Mining block heading 1 - 40 ft Aerial Platform 2 Scalers 
operation 
Mining block benching 2 - 75 ft ~echnaical Scalers 2 Operators 
operation 





Work Site Eguiement shift 
Mining hlock scaling 1 - 40 ft Aerial Platform 2 Scalers 
access rooms 
Mining block scaling 
rooms ahead of and 
2 
1 
- 40 ft Mechanical Scalers 









- 40 ft I1echanical Scaler 




2 - 40 ft Mechanical Scalers 
1 - 75 ft Mechanical Scaler 
2 - 40 ft Aerial Platforms 
1 - 75 ft Aerial Platform 
The reason for adding 50% standby capacity to the 
eguiprnent requirements is the severe duty to which the 
above equipment is subjected. It is anticipated that 
downtime and 'aintenance costs will be high on both 
the Gradall units and on the Aerial Platforms. 
2. Cleanup 
After scaling the faces and ribs, the loose material 
barred down will be cleaned away using three-yard 
front-end loaders. One loader for each mining block 
and one loader for development work will be sufficient 
to perform the work. They will also be useful for 
compacting muck piles to permit passage of vehicles, 
and, for general cleanup of spillage, etc. It is 
estimated that each machine will work on the average 
6 hours per shift or 18 hours ~er day for a total of 
54 machine hours per day. 
Two 40-ton trucks are also required for hauling the 
scaled shale away to the crusher. 
Equipment and manpower requirements~ 
Number of Men 
Equipment Per Shift 
3 - 3 yd Front-end loaders 3 Operators 
2 - 40-ton trucks 2 Drivers 
Standby Equipment 
1 - 3 yd Front-end loader 
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3. 	 Drilling 
(a) 	 Headin~ rounds measure 60 feet wide by 41 
feet h1gh by 25 feet advance. The production 
drill jumbo, for drilling the standard 
blasting round which was developed at Anvil 
Points (see Technical Memorandum No. 67-19) 
will incorporate three rotary drills. 
The number of holes would be increased to 
30 per round to keep both sides of the face 
symmetrical. The jumbo would drill 4-inch 
diameter holes at an average penetration rate 
of 7 ft/min. The time to drill out a round 
is taken from Technical ~4emorandum No. 67-26 
Section III. A. 3. a. and adapted to a 3-dri11 
jumbo complete with compressor. 
Elemental Total 
Element Time Occurrence Time 
Positioning 1.36 min 10 13.6 min 

Stinging 0.80 min 30 24.0 min 





E row 6.0 min 2 12.0 min 

D row 4.0 min 2 8.0 min 

Crow 6.2 min 2 12.4 min 

Brow 2.8 min 2 5.6 min 

A row 3.1 min 2 6.2 min 

Retracting 0.67 min 10 6.7 min 

Changing bits 7.1 min 5 35.5 min 

Filling Water Tank 5.0 min 1 5.0 min 

Minor repairs 30.0 min 1 30.0 min 

Moving jumbo across face 28.0 min 1 28.0 min 

!ioving jumbo into posi tion* 30.0 min 1 30.0 min 

Total time - 238.3 min 

*This time has been reduced by elimination of need to drag air hoses 
around. 
To maintain an 94,OOO-ton daily production 
rate 	it is necessary to drill and blast 10.6 
heading rounds every day fro~ a mining block. 
It is also necessary to pull 0.6 of a round 
per day on main hau1ageway development and 
2.1 of a round per day on panel hau1ageway 
development. Total drilling hours per day = 
10.6 	+ 0.6 + 2.1 rounds/day X 238 minutes/round . 




Assuming the equipment will be operating 6 
hours per shift, 3 shifts per day, it will 
be necessary to have 3 drill jumbos con­
tinuously in operation. 
Equipment and Manpower Requirements: 
Number of men 
Equipment 	 per shift 
3 - High face drill jumbos with 3 rotary drills 3 dril1ersc.;;;...;.-­
1 - High face drill jumbo for development headings 3 drill helpers 
Standby Equipment 
2 - High face drill jumbos 
(b) 	 Bench rounds will be drilled by means of a 
multiple drill down-hole rig. The rig will 
be crawler mounted, equipped with 3 rotary 
drills and capable of drilling 4-inch diameter 
holes at l2-foot centers. The bench drilling 
will be done in the second mining block as a 
separate operation from the heading work. 
Drilling times are taken from Technical 
Memorandum No. 67-26 Section III. B. 2. and 
adjusted for a 3-drill rig. 
Elemental 
Element Time Occurrence Total Time 
Moving 4.6 minutes 1 4.6 minutes 
Drilling top 24 feet 3.4 minutes 1 3.4 minutes 
Extending Kelly 2.1 minutes 3 6.3 minutes 
Drilling bottom 
11 feet 2.4 minutes 1 2.4 minutes 
Reducing Kelly 1.9 minutes 3 5.7 minutes 
Retracting 0.9 minutes 3 2.7 minutes 
Changing bits 7.1 minutes 0.5 3.6 minutes 
Filling water tank 5. minutes 0.2 1.0 minutes 
Total time - 29.7 minutes 
The drilling will be carried out as a con­
tinuous operation, well ahead of the working
face, interrupted only by short periods 
awaiting for blasting fumes to clear from the 
mining block. The drilling pattern to be 
used is: 4-inch diameter holes with l2-foot 
spacing and IS-foot burden. The drill will 
make two passes along the full length of each 
room. On each pass it will drill 3 rows of 
holes, making a total of 6 holes across the 
GO-foot wide rooms, with l2-foot spacing 
between holes. 
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Time taken to drill 6 holes = 
2 setups X 29.7 minutes/setup = 59.4 minutes 
Tonnage blasted by one row of holes (2 set­
ups) = 
55 foot wide room X 15 foot burden X 35 foot high bench 
a 1978 tons
14.6 cubic feet/ton 
Tonnage equivalent to an advance of 25 feet = 
3300 tons. 
Drilling time required to drill off 25 feet = 
25 feet (3300 tons) X 59.4 minutes = 99 minutes 
15 feet (1978 tons) 
In order to maintain 84,000 tpd production 
level from the mine it is necessary to 
advance the equivalent of 10.6 - 25-foot 
rounds every day. 
Total drilling hours per day = 10.6 rounds 
per day X 99 minutes drilling per round = 
17 hours 29 minutes. 
Assuming the equipment will be operating 6 
hours per shift, 3 shifts per day, one rig 
will be almost continuously in operation 
around the clock. The spare half-hour per 
day will be lost waiting for blasting fumes 
to clear on day and swing shifts. 
Equipment and Manpower Requirements: 
Number of men 
Equipment aer shift 
1 - Track-type down-hole rig with I riIler 
3 rotary drills 1 drill helper 
Standb~ Equipment 
4. Powderin2 and Blastin2 
Ammonium Nitrate and Fuel Oil (ANFO) prills will be 
used in heading and bench rounds. ANFO is the lowest 
priced blasting agent on the market, costing less than 
5¢ per pound compared with higher than 20¢ per pound 
for regular gelatin type explosives. The heading




machine. The vertical bench holes will be loaded by 
pouring the prills direct from the sack into the holes. 
Standard rounds developed at Anvil Points (see Technical 
Memorandum No. 67-l9) will be used with electrical 
blasting caps and primers in each hole. 
The time to powder a standard heading round is 3 hours 
24 minutes (see Technical riemorandum No. 67-26 Section 
III. D. 2.). A row of 6 vertical bench holes takes 
40 minutes to powder and tie-in the lead wires. 
To powder 10.6 heading rounds in the mining block and 
2.7 rounds in the development headings takes 13.3 
rounds X 3 hours 24 minutes = 45 hours 13 minutes. 
To powder 10.6 - 25-foot bench rounds in the second 
mining block takes: 
25-foot advance 
10.6 rounds X 15 f t b d X 40 minutes = 11 hours 47 minutes 
- 00 ur en 
All pO\OTdering can be accomplished by 5 cre"'s working 
two shifts per day. 




4o-foot pONdering rigs 273 X 4 powdermen 
2/3 X 4 laborers 
2/3 X 1 powderman 
2/3 X 1 laborer 
Standby Eguiement
40-foot powdering rig 
5. Rockbolting 
Rockbolting will be necessary throughout the mine. All 
bolting will be done while working on the upper level. 
Six-foot long bolts will be installed on a five-foot 
by five-foot square pattern. It is assumed that there 
is a 2-foot thick slab in the roof \rd th a weak bedding 
plane above it, similar to the condition at Anvil 
Points. The 6-foot bolts on a 6-foot spacing are 
adequate to hold the 2-foot slab in position, provided 
the bolts are installed correctly. 
The roofbolting machines used in the mine will be 
similar to those described in Technical Memorandum 
No. 67-23 Section III. A. 5. For bolting in the mininq 
blocks, a high speed machine such as the one shown on 
- 24 ­
• 
Figure 6 Technical r·1emorandum No. 67-23 would be 
recommended. For bolting in the development headings, 
a less expensive rig such as that shown on Figure 5 
Technical Memorandum No. 67-23 would be adequate. 
Bolting times are given below, based upon time studies 
from Technical Hemorandum No. 67-26. 
Total time to bolt up area behind a 25-foot face 
advance using a high speed bolting jumboe 
Elemental 
Element Time Occurrence Total Time 
Drilling 1.95 minutes 60 117 minutes 
Installing bolts 0.55 minutes 60 33 minutes 
Tightening bolts 0.29 minutes 60 17 minutes 
Positioning drills 0.84 minutes 30 25 minutes 
Positioning jumbo 28.00 minutes 3 84 minutes 
Total time - 276 minutes 
To rockbolt up 10.6 headings per day = 10.6 headings X 
276 minutes per heading = 48 hours 46 ~inutes. 
This will involve a 3-shift operation for 3 crews. 
In the development headings there will be 2.7 rounds 
shot per day. These headings are 40 feet wide and 
the advance will be 15 feet Der round. It will take 
24 bolts to cover the area of roof exposed after each 
blast. 
Time for rockbolting = 2.7 rounds X 24 bolts per
round X 4.4 rr.inutes per bolt (from time study) = 
4 hours 45 minutes. 
The 4 hours 45 minutes does not include time for 
positioning and setting up the bolting rig. However, 
one crew bolting 1 shift per day can more than handle 
the development headings. 
Equipment and Uan!,m"er Requirenents: 
Number of men 
Work Site Equipment per shift 
M~~in-1~'n-g~b~lock - headings 3 - High speed bolting jumbos 3 drillers 
3 drill 
helpers 
Development headings 1 - Single drill bolting rig 1/3 X 1 
driller 





1 - High speed bolting jumbo 
1 - Single drill bolting rig 
6. Truck Loading 
Trucks \'iill be loaded by means of lO-cubic yard and 
5-cubic yard front-end loaders. The lO-cubic yard 
loaders will be used in the production areas, and 
the 5-cubic yard loaders will be used in the develop­
ment headings. 
The selection of lO-yard loaders feeding eO-ton trucks 
is arbitrary. The size of the equipment will be 
adjusted to the haulage distances during particular 
phases of development of the property. In the case 
of the 5-yard loaders the size is restricted by the 
limited space for turning in the development headings. 
At the Anvil Points ~'4ine, both a ruhber tired loader 
and a Skooper-type tracked loader were tried out. The 
machines operated well on the bench floor which had 
broken to a smooth bedding plane. However, on the 
upper level the floor undulated severely, and this led 
to problems on both machines. The tire costs on tl-~e 
front-end loader were fairly high when used on the 
rough floor, even after the introduction of shredded 
,'lire tires. The Skooper on the other hand did not have 
tire problems, but it could not dig without the tracks 
skidding over the humps. For the purpose of this 
study, it is assumed that a level bedding plane can be 
used for a floor on the upper level as well as on the 
lower level. rline production from the headings can be 
blended with production from the benches to give the 
requisite Fischer Assay for retort feed. This was not 
possible at Anvil Points, where the floor elevation 
had to be pre-selected to give the desired oil content 
from each level individually. 
In view of the versatility of t~e rubber tired front­
end loader, fewer maintenance problems than the Skooper 
and the fact that no tire cuts \-Jere experienced when 
operating on the smooth floor; it is recommended that 
lO-yard rubber tired loaders be used. 
The productive capacity of a 3-yard loader is 330 tons 
per hour (See time study in Technical r·lemorandum 
No. 67-26, Section III. E. 2. c.). The capacity of a 
lO-yard loader would be increased almost in direct pro­
portion to the size of the bucket provided the weight 
and horsepower is increased in relation to the bucket 
size. However, it is probable that the digging time 
will increase ''ihen filling a larger bucket. 
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Assuming the digging time increases by a conservative 
50% for a 10-yard loader loading an aO-ton truck~ 
Elemental Total 
Element Time Occurrence Time 





















Total time for 1 truck ­ 5.26 minutes 
Hourly production rate from one 10-yard loader = 
_ 
8_0~t~o~n~/~t_r~u~c~k~X~5_0__m=i~n=u~t~e~/~h~o_u_r = 760 tons per hour 
5.26 minute/truck 
Assuming the digging time increases by 30% for a 
5-yard loader loading a 40-ton truck~ 
Elemental Total 
Element Time Occurrence Time 
Dump 0.06 minute 8 0.48 minute 
Swing 0.11 minute 8 0.88 minute 
Dig 0.26 minute 8 2.0a minutes 
S\'ring 0.10 minute 8 0.80 minute 
Truck change 0.70 minute 1 0.70 minute 
Total time for 1 truck - 4.94 minutes 
Hourly production rate from one 5-yard loader = 
!~~QPl!:!:l:!~~_X 50 rninu.~e/hour - 400 tons per hour 
4.94 minute/truck ­
The number of loaders required in each working area 
are as follows: 
Mining Block-Headings 
10.6 	round~er day x 4200 tons per round 
760 tons per hour X 18 hours per day 
......... 4 loaders (IO-yard) 
Mining Block-Bench 
10.6 	rounds per day X 3300 tons per round 
760 tons per hour X 18 loads per day 




4600 tons per day 
400 tons per hour X 18 hours per day 
'V 1 10aGer (5-yard) 
Equipment and Hanpower Requirements~ 
Number of men 
Work Site Equipment per shift 
Mining Block-Headings 4 - lO-yard loaders 4 operators
Mining Block-Bench 3 - 10-yard loaders 3 operators
Development Headings 1 - 5-yard loader 1 operator 
Standby Equipment 
2 - 10-yard loaders 
1 - 5-yard loader 
7. Haulage 
In the mining blocks, eighty-ton trucks will be used 
to haul shale away to the crusher. Forty-ton trucks 
will be used in the development headings for hauling 
the shale to the crusher. The size of the trucks is 
limited to 40 tons to obtain satisfactory equipment 
balance with the 5-yard loaders being used for loading 
out the development headings. Since mobility within 
the mining blocks is essentia~ it is almost certain 
that rubber tired vehicles will be used within the 
blocks, and it is more economical to continue the haul 
with the same vehicles than to dump into another haul­
age system. It is assumed here that the mine is 
approximately seven years old, so the ~aulage distance 
used in the calculations is an average for the life of 
the mine. During the early years of the mine, either 
the number of haulage vehicles required will be less 
or their rated capacity need not be so high. 
Assume that the distance from the face to the crusher 
dumping station = 1.88 miles. Let average speed loaded 
be 10 mph and average speed empty = 18 mph. Note that 
it is assumed here that there is a 4 to 5% adverse 
grade on the haul. This may very "Tell be the case, 
since from an adit entrance in the cliff face the oil 
shale strata dips toward the center of the Piceance 
Creek Basin and away from the adit. 
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Cycle time for 80-ton trucks~ 
Time to load (measured, Technical Memorandum 
No. 67-26) 5.3 minutes 
Time to haul full (estimatee) 11.3 minutes 
Time to dump (estimated) 0.5 minute 
Time to travel empty (estimated) 6.3 minutes 
Time positioning at loader (measured, 
Technical Memorandum No. 67-26) 0.7 minute 
Total time per 80-ton load - 24.1 minutes 
Tons per hour per truck = 80 tons/truck X 50 min/~r = 
24.1 minutes/truck
166 tons per hour 
Cycle time for 40-ton trucks: 
Time to load 4.9 minutes 
Time to haul full 11.3 minutes 
Time to dump 0.5 minute 
Time to travel empty 6.3 minutes 
Time positioning at loader 0.7 minute 
Total time per 40-ton load - 23.7 minutes 
40 	 tons/truck X 50 min/hrTons per hour per truck = 	 = 23.7 minutes/truck 
85 tons per hour 
The number of trucks required in each working area 
are as follows: 
Mining Block-Headings 
10.6 	rounds eer day X 4200 tons per round 
166 tons per hour X 18 hours per day 
-., 15 trucks (SO-ton) 
Mining Block-Bench 
10.6 	rounds Eer day X 3300 tons per round 
166 tons per hour X 18 hours per day 
"-12 trucks (80-ton) 
Development Headings 
4600 tons per day 

85 tons per hour X 18 hours per day 

,......, 	 3 trucks (40-ton) 
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Equipment and r.1anpower Requirements: 
Number of men 
Work Site Ejuipment ~er shift 
Mining Block-Heading 15 -O-ton trucks 1 drivers 
Mining Block-Bench 12 - eO-ton trucks 12 drivers 
Development Headings 3 - 40-ton trucks 3 drivers 
Standby equipment 
6 -	 aO-ton trucks 
1 -	 40-ton truck 
a. Service and I-1aintenance Equipment 
(a) Aerial Platforms 
Two 75-foot aerial platforms will be necessary for 
access to 76-foot and 4l-foot high roofs and to 
the ribs. They will be used for inspection, 
reading instruments and installation of brattice 
cloths, blasting cables, electric lighting and 
power lines, etc. The two units will be scheduled 
for use by staff, supervision, electricians and 
servicemen. 
(b) Water Trucks 
Two 	 water trucks will be required on continuous 
service for: 
1. 	 Watering down roadways 
2. 	 Supplying water to drills, equipment 
with scrubbers and also to the front­
end loaders and scaling rigs which will 
be equipped with sprinklers. 
(c) PO\,lder Trucks 
One powder truck will transport ANFO, primers 
and caps from the mixing plant or storage 
magazine to the working faces. The crew on this 
truck will also be responsible for returning the 
unused explosives to the magazine. Powder 
supplies will be required on two shifts per day, 
seven c!.ays per week. 
(d) Bulldozer and Road Maintainer 
These machines will be used for road maintenance 
and other sundry duties within the mine. It is 
estimated one machine only would be operated for 
eight hours per day. 
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(e) General Supply Trucks 
Two pickup trucks would be needed to keep men 
and equipment supplied with tools, drill steel, 
bits, hoses, rock bolts, power cables, oil, 
detergent, etc. Estimate usage would be 18 hours 
per day per machine. 
(f) Ventilation Supply Trucks 
Three heavy duty supply trucks will be used by
ventilation servicemen for towing ventilation fans, 
hauling ducting and other ventialtion supplies. 
Each truck should be equipped with a hoist for 
handling the ventilation ducting. 
(g) Electrical Service Trucks 
For transportation of electricians and their 
supplies there will be four 3/4-ton pickup trucks. 
(h) Lubrication Trucks 
For transportation of oilers, mechanics and their 
supplies there will be four lubrication and fuel 
trucks and four pickup trucks. 
(i) 110bile Cranes 
Two mobile cranes will be kept available for 
assisting with heavy repair work in the field. 
(j) Pickups 
Eight pickups will be provided for the use of 
staff and supervisore. 
Equipment and Manp0'{.41er Requirements: 
!:lumber of men 
EguiJ.?ment _ per shift 
2 - 75-foot aerial platforms 
2 - Water trucks 2 drivers 
1 - Powder truck 2/3 X 2 laborers 
1 - Bulldozer 
1 - Road maintaniner 1/3 X 1 operator 
2 - 3/4-ton pickup trucks 4 laborers 
3 - 3-ton trucks with hoists 3 servicemen 
3 laborers 
4 - 3/4-ton pickup trucks 4 electricians 
4 electrical helpers 
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ES[uipment
4 5-ton lubrication trucks 4 oilers 
4 3/4-ton pickup trucks 4 servicemen 
4 helpers 
8 - pickups 
2 - mobile cranes 
Standby Equipment 
1 - Nater truck 
1 - Powder tr.uck 
1 - Bulldozer 
1 - Road maintainer 
1 - 3-ton truck 
1 - 5-ton lubrication truck 
4 - 3/4-ton pickup trucks 
F. Ventilation 
1. Main Ventilation 
Requirements by Colorado Law are: 
(a) 100 cfm per employee underground; 
(b) 	 a minimum air velocity of 30 fprn in working 
places;
(c) 	 a maximum of 500 feet between booster fans in 
ventilation tubing;
(d) 	 75 cfm per bhp (brake horsepower) for all diesel 
equipment underground. 
The maximum number of employees underground at any 
one time will be approximately 130 and therefore the 
ventilation requirement = 13,000 cfm. 
Diesel bhp operating underground: 
Scaling rigs 6 units X 150 bhp/unit = 900 bhp 
Front-end loaders 11 units X 450 bhp/unit = 4,950 bhp
Powdering rigs 4 units X 100 bhp/unit = 400 bhp 
Haulage trucks 32 units X 800 bhp/unit = 25,600 bhp 
Aerial platforms, 75 ft 5 units X 150 bhp/unit = 750 bhp 
Aerial platforms, 40 ft 2 units X 150 bhp/unit = 300 bhp 
Water trucks 2 units X 100 bhp/unit = 200 bhp 
Powder truck 1 unit X 50 bhp/unit - 50 bhp 
Bulldozer & Haintainer 1 unit X 250 bhp/unit 250 bhp = 
Supply trucks 2 units X 50 bhp/unit = 100 bhp 
Ventilation trucks 3 units X 50 bhp/unit = 150 bhp 
Electrician trucks 4 units X 50 bhp/unit = 200 bhp 
Mechanic trucks 4 units X 50 bhp/unit = 200 bhp 
Lubrication trucks 4 units X 50 bhp/unit 200 bhp= 
Pickups 	 B units X 50 bhp/unit = 400 bhp 
f10bile cranes 2 units X 150 bnp/unit = 300 bhE 
34,950 bhp 
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Ventilation requirements are (34,950 bhp X 75 cfm/bhp) + 
13,000 cfm = 2,630,000 cfm. Assume a leakage of 
approximately 5%, then the total air to be delivered 
by main fans = 2,800,000 cfm. 
Resistance to air flow 
Use P = f~~02 
P = pressure drop in pounds per square foot 
f = constant 
L = length of airway in feet 
0 = perimeter of airway in feet 
Q = quantity of air passing in cfm 
A = cross sectional area of roadway in square feet 
Use f = 30 X 10-10 	 This factor is corrected for 
height above sea level of 8000 feet. 
Let R = fLO/A3 where R = resistance of airway. 
Roadway dimensions o A R/ft 
30 ft high X 40 ft wide 140 1200 2.43 X 10-16 
Two parallel 30 ft high X 
40 ft wide 0.61 X 10-16 
40 ft high X 40 ft wide 160 1600 1.17 X 10-16 
Two parallel 40 ft high X 
40 ft wide 0.29 X 10-16 
40 ft high X 60 ft wide 200 2400 0.44 X 10-16 
The air is to be split into two loops feeding the 
mining blocks plus three or four development loops. 
To calculate the size of the main fans; only the pres­
sure drop required to pass the necessary amount of air 
around the longest loop has been considered. Figure 1 
shows the basis of these calculations which are tabu­
lated in Table 3. 
Main fan requirement = 2;800,000 cfm at 2.2 inches 
water gauge ({"I.G.). Note that no allowance has been 
made for shock losses. These depend to a large degree 
on the velocity of the air flowing past the obstruction. 
Since the airways are large and the velocities are 
low, straight shock losses will be small. 
Average velocity in main intake and return = 

2,800,000 cfm ~ 2400 sq ft = 1170 fpm. 

Average velocity in panel return = 1,300,000 cfm ~ 

2400 sq ft = 540 fpm. 
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A:~r Intake Fan Exhc:usti~s 
tj.\/~ !~:;'.J T:: 3 
CALCU \'l'ION OF PimSSUHE DIWP REQUD~t:D IN TIlE VAH.IO~)S 1\ If:I!.\Y;-; ri.'C) Pi.. . '}';, 
R 	 Q 
~---- -_.-..... -. 
-~---.-- ­
11,000 ft 1,. :',11 intake 11,000 X 0.61 X 10-16 2.8 X 10 6 

5,000 ft: IUl'l('l i 11 tClJ:.(~ 5 , 000 X O. 29 X 10--1 6 2.3 X 10 6 

2,000 mi rC-l()rns 2,000 X 0.~4 X 10-16 1.3 X lOG 

7,000 ft p<:n; 1 rct:urn 7,000 X 0.61 X 10-16 1. 3 X 10 6 

4,000 ft n rE'tu:t~n 4,000 X 0.61 X 10-16 1.3 X 10 6 





p,.c:' nOli, ~~--, [' -; ::,', "::." {~: f \ <,.> -~'. 
-~--~ _.- _.. 
7.81" X 	1012 5.?61 

5.29 	X 10J.2 0.767 

1012
1.69 X 	 0.148 
1.69 X 	J012 0.722 
1.69 X 	1012 0.412 

7.811 X 	1012 l!.30.1 

Tutal 	Pressure Drop 11.6111 
- 2.2 inches water 
GEl InT..10}~t h 
10/G7 
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Average velocity in panel intake = 2,300,000 cfm ~ 
3200 sq ft = 720 fpm. 
Note also that the resistance, to air flm,q, of the 
multiple mining headings within the mining blocks 
is assumed to be negligible. 
2. Auxiliary Ventilation 
No. of 
Fans Fan CaEacitI 
Main haulageway development 1 200,000 cfm 0.25 inch W.G. 
Main haulageway development 2 100,000 cfm 1.00 inch W.G. 
Panel haulageway development 8 100,000 cfm 1.00 inch W.G. 
Panel haulageway development 2 200,000 cfm 0.25 inch W.G. 
Mining blocks 11 150,000 cfm 1.00 inch W.G. 
StandbI Equipment 
4 Auxiliary Fans 
All the above fans are of identical design but operate 
at different settings. Because of the large air 
quantities required to ventilate headings in which 
diesel equipment is \'lorking, it will be necessary to 
use large diameter ventilation ducting, namely 72-inch 
diameter. 
72-Inch Tubing Requirements 
Main haulageway development 400 feet 
Panel haulageway development 800 feet 
Mining blocks 6,000 feet 
7,200 feet 
Velocities in 72-inch duct are: 
at 100,000 cfro 3600 fpro 
at 150,000 cfm 5500 fpm 
Bratticing 
~r1ain haulageway 10 @ 40 feet X 30 feet 
Panel haulageway 7 @ 40 feet X 40 feet 
Panel haulageway 7 @ 40 feet X 30 feet 
~Uning blocks 20 @ 60 feet X 40 feet 
Mining blocks 20 @ 40 feet X 60 feet 
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IV. 	 i1ANPotoJER 
No. of Men No. of Men 
Per Shift Per DaL-
A. 	 Direct OperatinS! 
Scaling 21 63 
Drilling 8 24 
Powdering 10 X 2/3 20 
Rockbolting 6 + 1 X 1/3 19 
Loading 8 24 
Haulage 30 90 
Total 240 
B. 	 Maintenance 
General laborers 4 12 
Water truck drivers 2 6 
Po'tJder handlers 2 X 2/3 4 
Bulldozer operator 1 X 1/3 1 
Supplies handlers 4 12 
Ventilation maintenance 6 18 
Electricians 8 24 
Servicemen and Oilers 12 36 
Shop mechanics and welders 16 48 
Total -161 
C. 	 Direct Supervision 
I-Une foreman 1 3 
Shift bosses 5 15 
Field mechanic foreman 1 3 
Shop foremen 2 6 
Electrical foremen 1 3 
Total -30 




Total Man Shifts per year (Operating) 240 men X 365 days = 87,600 
Total Man Shifts per year (Haintenance) 161 men X 365 days = 58,765 
Total Man Shifts per year (Supervision) 30 men X 365 days = 10,950 
Assume each man works 5 shifts per week, has 10 days 
vacation, 8 days holiday and 8 days sick. Then one man 
works 234 shifts per year. 
Operating Manpower = 87,600 man shifts/year ~ 234 shifts/year = 
375 men. 
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Maintenance Manpower = 58,765 man shifts/year T 234 shifts/year = 
252 men. 
Direct Supervisors = 10,950 man shifts/year ~ 234 shifts/year = 
47 men 
V. DAILY OPERATING AND MAINTENANCE SUPPLIES 
A. 	 Scaling 
$/day 
1. Mechanical Scalers 
Fuel - Estimate 3 gallons per hour X 108 
hours/day X $0.15 per gallon $ 48.60 
Tires - Estimate $0.40 per hour X 108 
hours/day 43.20 
Preventive r!aintenance (Oil, Grease, 
Hydraulic and Transmission Fluid, etc.)
$0.22 per hour X 108 hours/day 23.76 
Maintenance and Repairs - Estimate 45% X 
$990.00/day (daily cost from Section VIII., 
e = d X c) 445.50 
2. Aerial Platforms 
Fuel - 0.52 gallons per hour X 114 hours/day X 
$0.15 per gallon 8.89 
Tires - $O.ll/hour X 114 hours/day 12.54 
Preventive Maintenance - $0.22 per hour X 
114 hours/day 25.08 
Maintenance and Repairs - Estimate 45% X 
$280.50/day 126.23 
3. Front-end Loaders (3-yard) 
Fuel - 2.4 gallons per hour X 54 hours/day X 
$0.15/gallon 19.44 
Tires - $4.l5/hour X 54 hours/day 224.10 
Preventive I·1aintenance - $0.22/hour " 54 
hours/day 11.88 
Naintenance and Repairs - Estimate 45% X 
$94.50/day 42.53 
4. 40-Ton Trucks 
Fuel - 4.3 gallons per hour X 18 hours/day X 
$0. 15/gallon 11.61 
Tires - $1.42 per hour X 18 hours/day 25.56 
Preventive Maintenance - $0.22/hour X 18 
hours/day 3.96 




1. Heading Drilling 
Bits - Price is $28.75 each 
Bit life is 550 feet with 4 resharpenings 
Cost to sharpen = Labor @ $3.30/hour X 
13 minu~es to sharpen + 10% for handl­
40 ml.nutes!hour 
ing = $1.18/bit. Total cost = ($28.75 + 
4 X $1.18) ! 550 feet = $0.06l/foot 
Footage drilled per 4200-ton round = 
30 holes X 28 feet per hole = 840 feet 
840 feet
Cost per ton = 4200 ton X $0.06l/foot = 
$0.012/ton 
Cost per day = 49,100 tons/day X $0.012/ 
ton = 
Steels - Price is $330.00 each 
Life is 16,500 feet ''I7i thout any
welding 
Cost = $330.00 ~ 16,500 feet = $0.02/
foot 
840 feet
Cost per ton = 4200 ton X $0.02/foot = 
$0.004/ton 
Cost per day = 49,100 tons/day X 
$0.004/ton 
Fuel - 0.52 gallon/hour X 54 hours/day X 
$0.15/gallon 
Tires - $O.ll/hour X 54 hours/day 
Preventive Maintenance - $0.22 per hour X 
54 hours/day 
Maintenance and Repairs - Estimate 45% X 
$259.20/day 
Extra for main­
tenance on drills, 
pumps, compressor, 
etc. 
2. Bench Drilling 
Bits - Estimated cost is $0.06l/foot 
Footage drilled per 3300-ton round = 
3300 tons1978 tons X 6 holes X 35 feet/hole = 
350 feet 
Cost per day = 10.6 rounds/day X 350 
feet/round X $0.061/foot 
Steel - Estimated cost is $0.02/foot 
Cost per day = 10.6 rounds/day X 350 













Preventive Maintenance - $0.22 per hour X 
18 hours/day 3.96 
!.c1aintenance and Repairs - Estimate 45% X 
$43.20/day 19.44 
Extra for maintenance 
on drills, kellys, 
pumps, compressor, 
etc. 200.00 
C. Powdering and Blasting 
ANFO - Powder factor in headings =r 0.56 lb AtJFO per 
ton shale blasted. Price $0.04/lb ANFO 
Cost = 49,100 tons/day X 0.56 -lb/ton X 
$0.04/lb 1099.84 
Powder factor in benching = 0.41 lb A~~O per 
ton shale 
blasted 
Cost = 34,900 tons/day X 0.41 lb/ton X 
$0.04/lb 572.36 
Price above assumes that the ANFO prills 
are manufactured at the mine site. DuPont 
estimates the price would be 3 3/4 to 4¢ 
per pound for ANFO produced in bulk at the 
mine site. 
Primers - Assume an average of 2 sticks of Toval 
per hole, allowing for more than one in 
the wet holes 
Price = $0.59 each 
Cost of primers for heading rounds = 13.3 
rounds per day X 30 holes/round X 2 
primers/hole X $0.59/primer 470.82 
Cost of primers for benching rounds =10.6 
25rounds/day X ~ X 6 holes/round X 2 
primers per hole X $0.59/primer 125.08 
Detonators - Price of electrical blasting caps 
$0.77 each for 40-foot leads. 
Bottom priming is necessary 
Cost of detonators for heading rounds = 
13.3 rounds per day X 30 holes/round X 
$0.77/cap 307.23 
Cost of detonators for bench rounds = 
10.6 rounds/day X i~ X 6 holes/ 
round X $0.77/cap 81.62 
Blasting Wire - Cost of wire = 24 rounds/day X 180 
feet per round X $O.029/foot 125.28 
Loading 	Tube - Tube should be replaced after load­
ing every 150,000 lbs ANFO 
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$/day 
Price of renewing loading tube is 
$185.00 
Consumption of ANFO in heading work = 
49,100 tons X 0.56 lb/ton = 27,500 
lbs/day 
Cost of replacing tube = 
27,500 lbs/day 
150,000 lbs/tube 33.92 
Fuel - 0.52 gallon/hour X 72 hours/day X $0.15/
gallon 5.62 
Tires - $O.ll/hour X 72 hours/day 7.92 
Preventive Uaintenance - $0.22/hour X 72 hours/day 15.84 
Maintenance and Repairs - Estimate 45% X $158.40/ 
day 71.28 
Secondary Blasting - It is estimated that the 
following supplies are nec­
essary: 
70 caps @ $0.40 each plus 
200 lbs powder @ $0.25/lb
plus jackhammer drill 
supplies @ $40.00/day 118.00 
D. Rockboltin9 
Rockbolts - Number of rockbolts installed per day = 
10.6 rounds per day X 60 bolts/round 
plus 2.7 rounds/day X 24 bolts/round = 
700 bolts per day 
Prices - bolts $1.13 each, shells $0.38 
each, plates $0.27 each 
Cost per day = 700 bolts/day X $1.78/
bolt 1246.00 
Drill bits - Cost = 700 bolt holes/day X 7 feet/
hole X $0.02/foot bit cost 
(see Technical 11emorandum 
No. 67-23) 98.00 
Drill steel - Cost = 700 bolt holes/day X 7 feet/
hole X $0.06/foot steel 
cost (see Technical Memo­
randum No. 67-23). Steel 
cost is basec upon use of 
rotary percussion drill 
tested at Anvil Points. 294.00 
Fuel - 0.52 gallons/hour X 62 hours/day X $0.15/ 
gallon 4.84 
Tires - $O.ll/hour X 62 hours/day 6.82 
Preventive Maintenance - $0.22/hour X 62 hours/
day 13.64 
Maintenance and Repairs - Estimate 45% X $260.00/ 
day 117.00 
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E. Truck Loadini 
10-yard loader /
Fuel - 3-yard loader X 2.4 gallons hour X 126 
hours/day X $O.lS/gallon 
S-yard loader / 1
3-yard loader X 2.4 gallons hour X 8 
hours/day X $O.lS/gallon 
Tires - Estimate 10-yard loader $8.00/hour X 
126 hours/day 
Estimate S-yard loader $6.00/hour X 
18 hours/day
Preventive Maintenance - $0.22/hour X 144 hours/ 
day 
Maintenance and Repairs - Estimate 4S% X $882.00 
F. Hauling 
80-ton truck
Fuel - 40-ton truck X 4.3 gallons/hour X 486 hours/ 
day X $O.lS/gallon 
4.3 gallons/hour X S4 hours/day X $O.lS/ 
gallon 

," BO-ton truck 

T1res - 40-ton truck X $1.42/hour X 4B6 hours/day 
$1.42/hour X S4 hours/day 
Preventive i-laintenance - $0.22/hour X S40 hours/
day 
Maintenance and Repairs - Estimate 4S% X $2S63.20 
G. Automotive Equipment Supplies 
1. 'G'Jater Trucks 
Fuel - Estimate 2 gallons/hour X 36 hours/ 
day X $O.lS/gallon 
Tires - Estimate $O.lS/hour X 36 hours/day
Preventive Maintenance - $0.22/hour X 36 
hours/day 
Maintenance and Repairs - Estimate 45% X 
$2B.80/day 


















Fuel - Estimate 2 gallons/hour X 12 hours/day X 
$O.lS/gallon 3.60 
Tires - Estimate $O.lS/hour X 12 hours/day 1.80 
Preventive r-laintenance - $ 0 • 22/hour X 12 hours/ 
day 2.64 
Maintenance and Repairs - Estimate 4S% X 
$12.00/day S.40 
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3. Bulldozer and Road Maintainer 
Fuel - Estimate 4 gallons/hour X 8 hours/ 
day X $0.lS/ga11on 
Tires - Estimate $l.SO/hour X 4 hours/day 
Preventive Maintenance - $0.22/hour X 8 
hours/day 
Maintenance and Repairs - Estimate 45% X 
$16.60/day 
4. Ventilation Supply Trucks (3-ton) 
Fuel - Estimate 2 gallons/hour X 54 hours/ 
day X $0.lS/ga11on 
Tires - Estimate $O.lS/hour X 54 hours/day 
Preventive Maintenance - $0.22/hour X 54 
hours/day 
Maintenance and Repairs - Estimate 45% X 
$S4.00/day 
5. Lubrication Trucks (S-ton) 
Fuel - Estimate 3 gallons/hour X 72 hours/ 
day X $0.lS/ga11on 
Tires - Estimate $0.30/hour X 72 hours/day 
Preventive Maintenance - $0.22/hour X 72 
hours/day 
r1aintenance and Repairs - Estimate 45% X 
$86.40/day 
6. Service Pickups (3/4-ton) 
Fuel - Estimate 2 gallons/hour X 162 hours/ 
day X $0.lS/ga11on 
Tires - Estimate $O.lS/hour X 162 hours/day 
Preventive Maintenance - $0.22/hour X 162 
hours/day 
Maintenance and Repairs - Estimate 45% X 
$53.46 
7. Mobile Cranes 
Fuel - Estimate 3 gallons/hour X 8 hours/ 
day X $0.lS/ga11on 
Tires - Estimate $O.ll/hour X 8 hours/day 
Preventive Haintenance - $0.22/hour X 8 
hours/day 


























H. Ventilation Supplies 
1. Ducting 
72-inch diameter ducting to cost $15.00 per
foot 
Total footage required on a continuous basis 
is 7200 feet. Assume life is 6 months. 
Total cost = 7200 ft X $15.00 per foot 586.96
18~ days/6 months 
2. Bratticing 
Bratticing to cost $1.00 per square yard. 
Total square yardage required on a continuous 
basis is 14,200 square yards. Assume life 
is 3 months. 
Total cost - 14,200 s§uare yards X $l.OO/yard 154.35- ~ days/3 months 
3. Fans 
Tires - Estimate $O.OS/hour X 576 hours/day 28.80 
Preventive Maintenance - $0.22/hour X 648 
hours/day 142.56 
Maintenance and Repairs - Estimate 45% X 
$69.84/day 31.43 
I. Electrical Supplies 
Total cost = $49.83/day (at Anvil Points) X 20 
(scale-up factor) 996.60 
J. Nater 
Drill requirements are 0.75 gallon water per foot of 
hole (see Technical Memorandum No. 67-17) X 
14,100 feet drilled/day = 10,600 gallons/day 
Roofbolting requirements are 0.60 gallon water per 
foot of hole X 4900 feet drilled/day = 2900 gallon/
day
Requirements for scrubbers = 98 pieces of equipment X 
30 gallons water/scrubber/4 hours between flush­
out X 6 flushouts/day = 17,600 gallons/day
Requirements for wetting down blasted shale and 
roadways = 2800 gallons/day comsumption at Anvil 
Points X 20 scale-up factor = 56,000 gallons/day 
Requirements in shops, cafeteria, changerooms, 
boilers, etc. estimated at 40,000 gallons/day 
Total water consumption = 127,000 gallons/day




K. Ioiliscellaneous Supplies 
3% of investment per year X $10,117,000'investment ~ 
365 days per year 831.53 
VI. ELECTRICAL POl'JER 
Assumptions: (a) Price of power $O.Ol/Kilowatt hour 
(b) Conversion factor HP to K~~ = O. 75 
(c) 	 Line Loss (I2R) is 15% and factor 
used is 1.18 
(d) 	 Load factor (L.F.) is the estimated 
percentage of time when operating 
at capacity 
A. Drillin9 
1. Heading Drilling 
52.75 total drilling hours per day X 60% 
L.F. X 150 HP X 0.75 HP~KW X 1.18 line loss X 
$O.Ol/Kvm 42.02 
2. Bench Drilling 
17.5 	total drilling hours per day X 75% L.F. X 
150 UP X 0.75 HP:KW X 1.18 line loss X 
$O.Ol/KWH 17.43 
B. Rockbolting 
53.5 	total drilling hours per day X 65% L.F. X 125 
HP X 0.75 HP:Kf'l X 1.18 line loss X $O.Ol/KWH 38.47 
c. Ventilation 
1. Main Fans 
Total fan horsepower = 

2,800,000 cfm X 2.2 inches WG 
 1184 B. H. P.6346 X 	0.82 fan efficiency = 
2. Auxiliar~ Fans 
3 fans 	X 200,000 cfm/fan X 0.25 inch WG = 29 B. H. P.6346 X 0.82 fan efficiency 
11 fans X 150,000 cfmLfan X 1 inch WG 
= 317 B. H. P.6346 X 0.82 fan efficiency 
10 fans X 100,000 cfm/fan X 1 inch WG 




Total horsepower = 1722 B. H. P. 
Power cost = 24 hours/day X 100% L.F. X 
1722 HP X 0.75 HP~KW X 1.18 
line loss X $O.Ol/KWH 365.75 
D. Lighting 
Assume all mobile equipment has lights installed 
on board to provide adequate lighting for work­
ing areas. 
Permanent lighting installations will be put along 
all haulageways, around the crusher dumping 
station and in all shops, cafeteria, changerooms,
warehouses, etc. 
wattage required for haulageways = 400 watts/lamp X 
10,000 feet haulageway 200 KW 
20 teet/lamp = 
Wattage required for shops, etc. = 500 lights X 200 
watts per lamp = 
100 KW 
Power cost = 24 hours/day X 85% L.F. X 300 KW X 
1.18 line loss X $O.Ol/KWH 72.22 
E. Shop Machinery 
Estimate - 12 hours/day X 200 KW X 1.18 line loss X 
$O.Ol/KWH 28.32 
VII. SUl1MARY OF DAILY COST OF MATERIALS ( SUPPLIES, AND PO~lER 
A. Operating Supplies (Excluding ANFO, Fuel and Tires) 
Scaling $ 64.68/day 
Drilling - headings 797.08 
- benches 304.47 


















$ 834.71 $7038.76 
B. Maintenance Supplies 
Scaling $ 648.82 
Drilling - headings 316.64(1) 
(l)An extra $200.00 per day has been added into th1$ 
category to cover high maintenance costs on the drills. 
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Drilling - benches $ 2l9.44{l) 














c. ANFO $1672.20 
D. Fuel $1046.98 
E. Tires $2995.88 
F. Electrical Power $ 576.95 
(l)An extra $200.00 per day has been added into this 
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.'" ':tci-:anCe :·laterials 
::::.::;)losives 
Elcc·t:::-ical POvlor 
Opcrat::5 .~-_~:; s 
375 28n @ $3.30/hour 
~ainton2~ce W2ges 
252 ~cn @ $3.30/hour 
Total Direct Labor 
Direct Supervision 
47 men @ $9000/year 
Benefits 
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XI. BREAKDOWN COST OF 11INING IN CENTS PFR TON FOR 84,000 TON 

























Equipment Ownership Cost 
Cash Flow 





























































































7.248 X 10-5 X $9543 
return • 5.'148 


























7.248 X 10-5 X 1054





C. 	 E~uiernent Ownership Cost Allocated to Individual 
M1ning operations 
= 12.10¢/tonOwnership Cost 
$10,6~7 X 103 total investment 
= .001139¢ per ton per $1000 investment 
Investment OWnership Cost 
(a) (a X .001139) = 
Operation X 103 cent/ton 
Scaling $2450 2.79 cent/ton
Drilling 840 0.96 
Powdering and Blasting 325 0.37 
Rockbolting 580 0.66 
Truck Loading 1310 1.49 
Hauling 4280 4.87 
Ventilation 262 0.30 
Supplies Handling 70 0.08 
Road Maintenance 180 0.21 
Transportation 50 0.06 
Electrical Services 25 0.03 
Mechanical Services 255 0.29 













Supplies $1107.44 1.32 
Equipment Owner­
ship 2.79 





Supplies 1647.78 1.96 
Equipment OWner­
ship .96 
Operating Labor 633.60 .76 
Power 59.45 --:!rl. 
Total 3.75 




3. 	 PowderinS! and B1astinS! 
Operating and 
Maintenance 





Maintenance Labor 633.60 
Total 






Operating Labor 501.60 
Power 38.47 
Total 






Operating Labor 633.60 
Total 


































Element Element Total 
Cost Cost Cost 

















Power 365.75 -.44 
Total 2.51 





























Element Element Total 
Cost Cost Cost 











Total 	 .13 










Maintenance Labor 633.60 .76 
Power for lighting 72.22 ~ 
Total 	 2.09 
12. Mechanical Services (Includes shop crew) 
Operating and 
Maintenance 




l4aintenance Labor 2217.60 2.64 
Power for Shops, Etc. 28.32 .03 
Total 	 3.14 
13. Miscellaneous sUEElies 
831.53 .99 .99 
14. Direct SUEervision 
1158.90 1.38 1.38 
• 
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Element Element Total 
Cost Cost Cost 
$/aal ¢/ton ¢/ton 
15. Benefits 
$3531.20 4.20 4.20 
16. Insurance 
436.71 .52 .52 
17. DeveloEment 
1.33 1.33 
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Mr. .1. H. SIni th 
Proces!; Engineering 
Continental Oil Company 
Dra\ver 1267 
Ponca City, Oklahoma 
Dear Hr .. Smith: 
REVISION OF TI';C.HldCAL MEMOR],NDml NO. 67-39 

An error in the method of calculating the investment in the 
retort shell, structure and foundation was detectea by J. E. 
Lawson during a review of this memorandum after its issuance. 
This error, which affects Cases 2 through 5 of this memorandum, 
resulted in an understatement of the investment of these com­
ponents. The pages, tables and sample calculations in which 
this error appears have been corrected in the attachment to 
this letter. 
Yours truly, 




cc: F. R. Conley / 
JJ 
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lli. SUMMARY AlJD CONCLUSIONS 
A study of th$ cost of retorting 30 gallon per ton oil 
shale to produc:e 50,000 B/CD of crude shale oil in five 
particular reto~ting plant designs using the Gas-Combustion 
Retorting process~' ..has been completed. This study i. based 
on a hypothetical 50,000 B/CD mining-crushing-retort.ing 
complex. No refining facilities are considered in·this 
study. The equipment investment costs for the base case 
(Case 1) of the retorting part of this complex have been 
estimated from a Mobil engineering study (Reference 11).
Using this design as a base, .the equipment inv$stment 
costs for the other four case& were also estimated. The 
operating cost estimates are al$o partially based on this 
Mobil study. . 
The lowest overall cost of produci~g shale oil, within 
the constraints of this analysis wa~ achieved while pro­
cessing 1/4 to 1 inch and 1 to 2 1/2\inch shale. Retort 
No. 2 yields, shale rates and gas rates were used. The 
second lowest overall costs were achieved using the same 
shale fractions and Retort No. 3 yields'. shale rates and 
gas rates. The Retort l~o. 3 limiting gel. rates and shale 
mass rates are lower than in Retort No. 2\thus resulting
in a lower yield, higher cost operation. \~ll of the cases 
studied which are based on Initial Program'data, gave lower 
overall costs than either the best U. S. Bur~au of Mines 
operation in Retort No. 3 or the Hobil design base case. 
This is due primarily to the higher shale rat~s and, in 
comparison to the U. S. Bureau of {tUnes operation, the 
higher yields obtained during the Initial Progr\am. The 
overall costs relative to the base case are as follows: 
Case 1. - Das~ case 
230 lht"(hr) (ft2) operation 
with ~/4 to 3 inch shale 
and ?O% yield 0 • 0 
Case 2. - Dest U. S. Bureau of 

lUnes Retort No. 3 operation 

300 lb/(hr) (ft2) opera­
tion with 1/4 to 3 inch 
shale and 81.3% adjusted 
yield -8.0 
Case 3. - Initial Program Retort 

No. 3 Operations 

500 lb/(hr) (ft2) opera­

tion with 1/4 to 2 1/2

inch shale and 82.3% 

adjusted yield -13.2 
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Case 4. - Initial Pro2ram Retort 

No. 3 operation 

300 lb/(hr) (ft2) opera­
tion with 1/4 to 1 inch 
. shale ana 89.4% adjusted
yield, and 400 lb/(hr) (ft2) 
operation with 1 to 2 1/2
inch shale and 87.3 ad­
justed yield. -15.9 
Case 5. - Initial Pro2ram Retort 

No. 2 operation 

500 lb/(hr) (ft2) opera­
tion with 1/4 to 1 inch 
shale and 91.6% adjust­
ed yield, and 400 lb/(hr) 
(ft2) operation ~dth 1 
to 2 1/2 inch shale and 
83.4% adjusted yield. -17.1 
The lowest retorting cost, as contrasted to overall cost, 
was obtained in the case in which 1/4 to 2 1/2 inch shale 
was processed using Retort No. 3 yields, shale rates and 
gas rates. The reason for this is that this is a low 
investment, low operating cost case within the retorting
plant. However, since it is also a low yield operation, 
the mining, crushing, and spent shale disposal costs are 
relatively high"~ This case is also more sensitive to 
changes in vent gas marketability and spent shale disposal 
cost. . 
Further experimentation is needed to demonstrate the vali ­
dity of these conclusions by an extended operation. It 
is advisable to consider testing these conclusions on a 
larger scale of operation than Retort No. 3 because of the 
apparent sensitivity of retorting and overall costs to 
scale. 
\ ~~ .' 
TABLE 2 
EQUIPMENT INVESTMENT . 
Case 1 Case 2 Case 3 Case 4 Case 5 





Retorts' 14,090 6,350 5,520 6,230 6,110 
Precipitators 1,590 1,590 1,590 1,590 1,590 
Blowers 1,650 1,650 1',650 1,650 1,650 
Duct Work, Piping & Insulation 2,180 2,180 2,180 2,180 2,180 
Instrumentation & Electrical 2,160 2,160 2,160 2,160 2,160 
Raw Shale Feed System 540 540 540 540 540 
Freight (1) 400 260 250 260 260 
Colorado Sales & Use Tax(l) 400 260 250 260 260 
Indirect Costs, M$(2) 













Fixed Capital Investment, M$ 30,110 ·19,620 !-fr,500 19,460 19,310 
contingency, .M$ 3,330 2,170 /~/ 2,050 2,150 2,130 
.,~~ 
Total Fixed Capital Investment, M$ 33,440 21,190 20,550 21,610 21,440 
Depreciable Investment (3) 32,640 21,270 20,050 21,090 20,920 
Cost of Capitai, ¢/bb1 38.6 25.2 23.7 25.0 24.8 
(1)3% of materials with 60/40 material to labor split on installed equipment 
(2)Engineering and construction is 25% 
excluding sales tax and freight 
(3)Exc1udes sales and use tax 













RETORTING COST SUlv'MARY 
Case Case Case Case Case 
1 2 3 4 5 
Direct Production Costs, $/CD 
Labor. (1) 
Operating 765 658 658 658 658 
Maintenancce 840 699 699 699 699 
Supervision 2) 
Operating 114 114 114 114 114 
Maintenance 160 160 160 160 160 
Materials 
Operating and Miscellaneous 894 583 549 578 573 
Maintenance 2,682 1,749 1,647 1,734 1,719 
,
Utilities 	 \ 7,723 8,146 7,600 7,815 7,638 
BX Product Disposal Cost 
",
\ , 
(Most Probable Value) $/CD 
Raw Shale Fines -a~o -985 -1,305 -1,580 -1,560 
Vent Gas ;"2,4n7 -2,667 -3,180 -2,983 -2,795 
Spent Shale 1,92~ 2,055 2,015 1,925 1,910 
Fixed Costs 
Insurance and Property Taxes 1,341 875 824 867 860 
Operating Costs(3) 	 $/CD 13,142 11, 387 9,781 9,987 9,976 
¢/bb1 26.3 22.8 19.6 20.0 20.0 
Cost of" CaEita1, ¢/bb1 	 38.6 25.2 23.7 25.0 24.8 
Total Retorting Cost, ¢/bb1 	 64.9 48.0 43.3 45.0 44.8 
(1) Including benefits and overtime. 
(2)Inc1uding benefits. 
(3)This 	operating cost does not consider debits or credits for raw shale 











Number of Subplants 
Equipment Investment, ~$ 
Retorts 
Others 
Total Fixed Investment 
DeEreciable Investment 
















































Net By Product Disposal Costs -2,470 
Insurance and ProEerty Tax 744 
Operating: Cost, $/CD 9,244 
, ¢/bb1 18.5 
Cost of·CaEita1, ¢/bb1 21.5 









































Case 2'"" Case 3 Case 4 / Case 5 
Best USBM "II( Initial Program ,/ a-
Retort No. 3 operati~ ""I( Retort No. 3 . ,~ Retort No. 2 
1/4 to 3 Inch 1/4 to 2 1/2 Inch ""E-- 1/4 to 1 and 1 to 2 1/2 Inch-ll ­
¢/bb1 ¢/bb1 ¢/bbl . ¢/bb1 
90.4 90.1 ,8·6.0 85.3 
28.8 28.6 28 .• 3 28.0 
./.. "48.0 43.3 45.0 44.8 
29.6 29.6 29.6 29.6 
196.8 191.6 18'~,9 187.7 
',­





Ratio of T/SD of retort feed in 
fraction i to shale mass rate in 
1b/Hr - sq ft for retort subp1ants 
processing fraction i. 
For Case 4. proce~ng of 1/4 to 1 inch. 
Let ni = 1 ' 
Al = ~ (ls<3~~O) = 4437 sq ft 
II 	= 1(1319 + .180(11.5 - 18) 
= 1293. M$ 
, 
'. 
Case 4. processing of 1 to 2 1/2 inch. 
\Let ni = 3 \ , 
\ 
A2 = 83.3 ~21 700) = 5047 \~q ft 
3 400 " 
12 = 3 (1319 + 5047 X 1498) + 204 X .820(19.5 - 18)
5 X 6250 









;q= = B:::e::s:n::::::::n:ni:a::::::::::::s~e:::::~s. 
duct work, piping and insulation, instru­
mentation and electrical work. 
Ig = 1293 + 4934 + 7580 = 13,807 (13,810) (1) 
Raw shale feed system investment is 540 M$. 
Therefore total direct investment = I = 14,347 (14,350) 
Depreciable investment = 1.471 
= 21,090 
Freight :) .03 X .6 X I Colorado sales and use tax 
= .03 X .6 X 14,347 
= 258 M$ (260) 
lRounded numbers are in parentheses. 
A-5 

Engineering and Construction 
Contractor's fee 
Contingency 
Fixed capital investment = FCI' 
Total fixed capital investment 
= TFCI ! 
= 	.251 
= 	 .25 X 14,347 
3587 M$ (3590)== 
= 	 .071 
= 	 .07 X 14,347 
= 1004 M$ (1000) 
= 	 .151 
= 	.15 X 14,347, 
= 	2152 M$ (2150) 
= 	I + freight + sales tax 
+ engineering and con­
struction + contractor's 
f~e 
= 	 14,347 + 258 + 258 + 3587 
+ 	1004 
= 19,454 (19,460) 
= FCI + contingency 
= 19,454 + 2152 




Equipment List Depreciable Investment 
Retorts 
Structure and Local Feed 
Conveyors ~ 
Shell, Refractory a~d 
Insulation \ 
Alloy Castings \ 
. Steel Castings 
Drawoff Feeder and Associated 
Equipment 
Foundations 












-Duct Work Piping and Insulation 3200 
Instrumentation and Electrical 3180 
Raw Shale Feed System 790 
21,090 M$ 
Utility Operating Cost 
P2Ws = RTIK V ) ~ - 1J 
. '1(K-l) ~ l 
Assume a 2 psi pressure boost in blower. 
R = 1.99 Btu/(lb-mole) (OR) 
Tl = 5200 
~ = Overall Efficiency/IOO 
= .567 
Overall Efficiency = 56.7% 
Adiabatic Efficiency = 90~ 
Motor Efficiency = 90% 
Blower Efficiency = 70% 
K = cp/cv = 1.4 
P2 = PI + 2psi 
,. PI = 11.6 psia (Normal atmospheric pressure at 6700 ft 
above sea level.) 
